ABSTRACT We have developed a simple method for the fractionation of T and B lymphocytes. Plastic dishes coated with antibodies specific for mouse Ig selectively bind splenic B lymphocytes. The adherent cells are easily removed by gentle pipetting; both adherent and nonadherent populations retain immunologic function. In a typical experiment, when 3 X 107 splenic Iymphocytes were added to a 100 X 15 mm plastic dish coated with microgram quantities of anti-Ig, 98% of the nonadherent cells were Ig negative and 97% of the adherent cells were Ig positive. The method is sufficiently sensitive to allow detection and separation of cell types comprising as little as 2% of the total population and can be modified to allow the selection of cells by a double-antibody procedure. We believe that the plastic dish method will be generally useful for fractionating cells on the basis of their cell surface antigens. The ability to fractionate lymphocytes on the basis of surface phenotype has been a major technical advance in the study of the functional diversity of these cells. Many of the methods currently used exploit antibody specificity to separate cells of one type from a mixed population. Cell lysis with antibody and complement is useful only for cell elimination. Separation by affinity column chromatography (1) or fluorescence-activated cell sorting (2) offers the advantage of positive selection by allowing the recovery of both enriched and depleted cell populations.
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We report a simple and inexpensive method for the separation of B and T lymphocytes from the heterogeneous population found in murine spleen. It is based on the observation by Catt and Tregear (3) that antibody molecules adsorb onto polystyrene surfaces and bind antigen. We coat polystyrene dishes with antibody specific for cell surface antigens and permit cells to bind to such dishes. We show that this method can be used for either specific cell selection or specific cell elimination T cell specificity of the serum was determined by complement-dependent lysis of thymocytes and specific immunoprecipitation of T25 (Thy 1 antigen) from thymocyte membranes (5) . The cytotoxic titer of this serum was very low (95% of thymocytes were lysed at an antibody dilution of 1:5). Rabbit anti-mouse Ig was raised by repeated subcutaneous injection of DEAE-cellulose-purified mouse Ig in complete Freund's adjuvant. The Ig fraction was purified by ammonium sulfate precipitation (4) and affinity chromatography on Sepharose 4B conjugated with purified mouse Ig (6).
Goat anti-rabbit IgG was purchased as serum from SeraSource, Inc., and purified by ammonium sulfate precipitation and affinity chromatography on Sepharose 4B conjugated with DEAE-cellulose-purified rabbit IgG.
Normal rabbit IgG was prepared by ion exchange chromatography on Whatman DE-52 ion exchange resin (7) .
F(ab')2 fragments were prepared by pepsin digestion and gel filtration through Sephadex G-150 (4) .
Antibodies conjugated with rhodamine were prepared by the method of Cebra and Goldstein (7) . Purity of all antibody reagents was determined by sodium dodecyl sulfate/polyacrylamide gel electrophoresis (8) (2.5 ,g/ml), concanavalin A (2.5 Lg/ml), and lipopolysaccharide (25 ,g/ml) were determined as described (9 inversely with the antibody concentration. Table 2 demonstrates that a 5 ,g/ml solution of antibody will coat a dish in 40 min and remove >95% of the Ig+ cells from a splenic lymphocyte population. Table 3 shows that, if a longer coating time is allowed, antibody solutions as dilute as 1 tig/ml can be used to effect strong selection. We find that no more than 3 X 107 lymphocytes can be put on a dish without sacrificing the quality of the recovered population (data not shown).
To assess the effect of cold storage on antibody-coated plates, we coated two dishes with rabbit anti-mouse Ig, washed them with tap water, and subjected them to five cycles of freezethawing over a period of 2 days. This treatment did not affect the cell selection; effluent cell populationswere recovered with high yield and contained less than 1% Ig+ cells (data not shown).
Modifications for Positive Cell Selection. Ig+ cells attached to plates that had been coated with affinity-purified rabbit anti-mouse Ig were bound so tightly that they could not be recovered. Vigorous pipetting, incubation at 370, and even competition with normal mouse Ig or rabbit anti-mouse Ig in solution did not release the cells. To recover cells in a positive selection procedure, we decreased the number of specific associations between the cells and the dish by using a mixture of pure rabbit anti-mouse Ig and normal rabbit IgG for coating. When the pure rabbit anti-mouse Ig was diluted 1:10 with normal IgG, a gentle stream of medium impinging on the plate released the cells (Table 4) . We achieved high cell recovery and excellent enrichment (97% Ig+) even at normal:anti-mouse ratios of 40:1. The 1-3% of Ig-cells found in the selected population is presumably that fraction (0.4-4%) of cells that binds to plates coated with normal rabbit IgG. No attempt was made to remove intrinsically adherent cells such as macrophages prior to cell selection.
When F(ab')2 fragments of normal rabbit IgG and rabbit anti-mouse Ig were used in a positive selection, the ratio of nonspecific to specific antibody should not exceed 10:1; at higher ratios, cells did not bind efficiently to the dish. This difference between the whole antibodies and their F(ab')2 fragments is not due to the Fc receptor on Ig+ cells: in experiments using mixtures of either whole rabbit anti-mouse Ig and F(ab')2 of normal rabbit IgG or whole normal rabbit IgG and F(ab')2 of rabbit anti-mouse Ig, the efficiency of cell binding anti-thymocyte antibody were efficiently and specifically bound to plates coated with goat anti-rabbit IgG. In contrast, plates coated with the same preparation of anti-thymocyte antibody could not bind cells directly (data not shown), presumably because of the low titer of this antibody. Cells pretreated with normal rabbit Ig did not adhere to the dishes coated with goat anti-rabbit IgG. Thus, contamination due to nonspecific sticking does not present a problem in this indirect method. Efficiency of Recovery of Minor Cell Populations. The plastic dish method efficiently separates a minority cell class from a heterogeneous population. Splenocytes (approximately 45% Ig+) were added to a suspension of thymocytes so that the resulting cell mixture was calculated to contain 2.5% Ig-bearing cells. This cell preparation was bound to plastic dishes coated with a 10:1 mixture of normal rabbit IgG and rabbit anti-mouse Ig, and the percentage of Ig+ cells in both adherent and nonadherent populations determined. Table 6 shows that this procedure isolated and purified the Ig+ cells.
Tests of Cell Function. Cells fractionated on antibodycoated plastic dishes responded appropriately to the B and T cell mitogens tested (Fig. 1) . The effluent population contained (Fig. 2) . Isolated T cells generated a mixed lymphocyte reaction against a semiallogeneic target (Fig. 3) and high specific cytotoxic activity against mitomycin-treated allogeneic targets (data not shown).
All of these tests for lymphocyte function used B cells recovered from plates coated with a mixture of F(ab')2 of rabbit anti-mouse Ig and F(ab')2 of normal rabbit IgG in a ratio of 1:10. T cells were obtained from plates coated with affinitypurified rabbit anti-mouse Ig or F(ab')2 rabbit anti-mouse Ig.
These two T cell preparations were designated Tig and TF(ab)2, respectively.
DISCUSSION
We describe a method for the separation of lymphocytes by using plastic dishes coated with antibody specific for cell surface antigens. We have shown that this method yields highly puri- The ease and specificity of the plastic dish method for cell selection makes it a versatile and useful tool with various applications. We expect that it can be used successfully to isolate antigen-specific cells (12) , virus-binding and virus-producing cells, lectin-binding cells, and idiotype-specific cells. The method could also prove to be an efficient screening technique for positive selection of cell variants that express altered cell surface antigens.
Note Added in Proof. During the preparation of this manuscript, it came to our attention that Mage et al. (13) have used antibody-coated tissue culture dishes for the preparative isolation of T and B cells.
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